An interesting regioselectivity is observed when the mixture of potassium crotyltrifluoroborate (1a) and aroyl chlorides having electron-deficient and electron-rich groups is microwaved in the presence of palladium-catalyst. In the case of electron withdrawing group with phenyl ring of aroyl chlorides, isomerized α,β-unsaturated compound 3 is the product whereas electron donating group with phenyl ring of aroyl chlorides furnishes α-adduct 4. Similar aroylation reaction is also established for potassium allyltrifluoroborate (1b). In this case, regioselectivity is unaffected with changing electron-rich or electron-deficient groups in phenyl ring of the aroyl chlorides. Reactions proceed with, essentially in same rate, affording the corresponding aryl propenyl ketones (crotonophenones) 5 in good to high yields.
Introduction
One of the major transformations in organic chemistry is carbon-carbon bond formation through allylation reaction. The most common source for this type of reaction is allyl-M species where M is transition metal, Mg, Sn, Si, B etc. [1] - [9] . Transition metal catalyzed cross-coupling reaction of allyl metal with aroyl chloride is rarely deliberated [9] . Organoboron reagent is extensively studied as a cross-coupling partner in Suzuki crosscoupling reaction. Because of the sensitivity and high reactivity of the allylboronic acid and allylboronic ester, they are essentially not used in cross-coupling reaction. Crotyl boronic acid and ester also show high reactivity. On the other hand, potassium allyltrifluoroborate and crotyltrifluoroborate are stable enough to use in reaction. The allyltrifluo-roborate salt formed either from allylboronic acid or allylboronic ester is air-and water-stable effective organoboron reagent for cross-coupling chemistry. Similar process is used to synthesize crotyltrifluoroborate. The growing emphasis of their use in Michael reaction [10] - [14] , cross-coupling reaction [15] - [30] has interested us to explore the direct aroylation chemistry of potassium crotyl-and allyltrifluoroborates.
Results and Discussion
We found a noticeable regioselectivity when the mixture of crotyltrifluoroborate and aroyl chlorides having electron-deficient and electron-rich groups was microwaved in the presence of palladium-catalyst (Scheme 1). The cross-coupling reaction between crotyltrifluoroborate 1 and aroyl chlorides 2 with electron-deficient group in the phenyl rings are summarized in Table 1 . When 4-trifluoromethoxy-benzoyl chloride (2a), 2-trifluoromethoxy-benzoyl chloride (2b), 2,4,5-trifluoro-benzoyl chloride (2c), cross-coupled with crotyltrifluoroborate 1a under microwave heating at 140˚C for 20 min all gave the isolated corresponding (E)-2-methyl-1-aryl-but-2-en-1-ones 3a, 3b, and 3c respectively in good yields (Table 1) . Scheme 1. Regioselectivity. Entries 1 -3). In case of 4-cyano-benzoyl chloride (2d) the corresponding crosscoupling product 3d along with α-adduct 4d attained in 2:1 ratio. Interestingly, 3-cyano-benzoyl chloride (2e) gave mostly isomerized (E)-product 3e. Both cyano-aroyl chlorides formed products in decent yields (Entries 4, 5). The regioselectivity and stereoselectivity of these reaction products are remarkable. When we run reaction with 4-nitrobenzoyl chloride (2f), major product was (Z)-isomer along with minor E-isomer with ratio (E:Z = 1:4). Again, when we run reaction with 3-nitrobenzoyl chloride (2g), major product was (E)-isomer along with minor Z-isomer with ratio (E:Z = The reaction tube was then capped and flushed with argon following which 2.0 mL of 1,4-dioxane was added. The resulting reaction mixture was then microwaved at 140˚C
for 20 min in a microwave (300 W). Crude reaction product was extracted from inorganic material using dichloromethane. For purification, the crude product was subjected to preparative TLC using hexane/ethyl acetate (25/1) as eluent and collected the pure product.
In Table 2 , results of the palladium-catalyzed cross-coupling reaction of crotyltrifluoroborate (1a) and aroyl chlorides having electron donating groups in phenyl rings are
shown. In all cases, α-regioselectivity was observed exclusively. It is clear that electron deficient phenyl moiety of the aroyl chlorides favor isomerization except in the case of 4-chlorobenzoyl chloride (Entry 8, Table 1 ) and electron donating phenyl moiety of the aroyl chloride obtained α-selectivity without isomerization. Electron withdrawing group of the phenyl moiety enhance the isomerization because carbonyl carbon becomes more electrophilic and favors isomerization toward more stable α,β-unsaturated carbonyl structure. The new result of microwave irradiated aroylation of crotyltrifluoroborate is an expansion of our earlier development in aroylation of allyltrifluoroborate. Table 2 . Pd-catalyzed cross-coupling reaction of crotyltrifluoroborate 1a and aroyl chlorides having electron donating group 2 a .
[2] On changing electron-rich or electron-deficient groups in phenyl ring of the aroyl chlorides, the reaction between potassium allyltrifluoroborate (1b) and aroyl chlorides proceeded essentially in same rate affording the corresponding aryl propenyl ketones (crotonophenones) 5 in good to high yields (Table 3 , entries 1-6, and entries 9, 10). In case of para-bromo-aroyl chloride (2o) and allyltrifluoroborate (1b), the cross-coupling product 5g formed as a minor product (Table 3 , entry 7) and homo-coupling product 4,4'-dibromobenzil (7) was the major one. Probably, possible palladium insertion to Table 3 . Palladuim-catalyzed cross-coupling reaction of allyltrifluoroborate 1b and aroyl chlorides 2 a .
bromide inhibits the transmetallation process and led to the homo-coupling product.
Interestingly, when 4-nitro-aroyl chloride (2f) reacted with potassium allyltrifluoroborate (1b) under same reaction conditions, 50:50 mixture of β-adduct and γ-adduct were obtained ( The palladium inserted aroyl chloride, ArCOPdCl displays an excellent chemoselectivity in cross-coupling reaction when treated with potassium crotyl-and allyltrifluoroborate. Initially, we speculated that central carbon selectivity appears to be accomplished through palladacycle [42] . But mixture of products observed in the case of 4-nitro-aroyl chloride and allyltrifluoroborate ( subsequently isomerizes to the more stable α,β-unsaturated ketone (Scheme 3). This new reaction methodology of cross-coupling reaction of potassium allyl-and crotyltrifluoroborates with aroyl chlorides is of great interest in organic synthesis and process chemistry. Further work is looked-for to establish the mechanism. Potassium allyl-and crotyltrifluoroborates are also applying to get allylamines and crotylamines in our laboratory. 
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